INTRODUCTION
============

The anaphase-promoting complex (APC) is an E3 ubiquitin ligase that controls mitotic progression \[[@B1][@B2]\]. APC is a polymeric protein complex composed of at least 11 subunits and contains tetratricopeptide repeat proteins (APC3, 5, 6, 7, and 8), a cullin homolog (APC2), and a ring-H2 finger domain (APC11). APC requires two WD40 repeat-containing coactivators, Cdc20 and Cdh1, to recruit and select various substrates at different stages of the cell cycle, and APC3 and APC7 were recently suggested to interact with these APC activators \[[@B3]\]. Genetic alterations, typically associated with malignant cell phenotypes, affect genes involved in DNA repair and apoptosis, cell adhesion and invasion, angiogenesis, and finally, cell proliferation and cell cycle control \[[@B4]\].

Chromosome instability is believed to contribute to malignant transformation because the majority of malignant human cancers exhibit chromosomal gain or loss \[[@B5]\] and because mitotic defects, including chromosome aberrations, are frequently found in malignant cancers \[[@B6][@B7][@B8]\]. Because of the roles played by APC in mitotic cell-cycle progression, the timely activation of APC is thought to be important for maintaining accurate chromosome separation. In addition, a report indicating that the mitotic spindle checkpoint was reached by preventing APC activation \[[@B9]\]. It was also suggested that the dysregulation of APC may give rise to abnormal chromosome segregation, resulting in aneuploidy.

Several APC-targeting molecules, such as securin, polo-like kinase, aurora kinase, and SnoN, have been reported to be oncogenes. Dysregulation of APC may be associated with tumorigenesis, so one can hypothesize that the abnormal regulation of APC may be involved in malignant transformation through chromosome instability \[[@B10]\]. However, the clinical significance and the involvement of APC in tumorigenesis have not yet been investigated. In a previous study, we investigated immunohistochemically the levels of APC7 in various cancer tissues and found weak APC7 expression in colorectal adenocarcinomas \[[@B11]\]. This study examines the relationship between APC expression and the clinicopathological variables in an attempt to determine the role of the APC in colorectal cancer and to evaluate the possibility of an aberrant APC function in surgically-resected adenocarcinomas of the colorectum. Therefore, we investigated the expression of APC7 in 114 colorectal carcinomas and examined the relationship between the expression of APC7 and the clinicopathologic parameters.

METHODS
=======

We retrospectively studied patients (n = 114) who presented at the Department of Surgery, Yonsei University, Wonju Severance Christian Hospital from January 2000 to December 2002 for treatment of an adenocarcinoma of the colorectum. Curative surgery, reviews of the pathology reports and clinical charts of the patients, age at surgery, gender, tumor location, Dukes stage, and differentiation were investigated in the short-term and the long-term survivors. Tumors were graded according to the TNM classification. Each adenocarcinoma was staged according to the standards of the American Joint Committee on Cancer (7th edition AJCC, 2010). Histological diagnoses were established based on standard hematoxylin and eosin (H&E)-stained sections according to the guidelines of the World Health Organization (WHO). The details on the distributions of clinicopathological factors in the study cohort are listed in [Table 1](#T1){ref-type="table"}.

Polyclonal antibodies against mouse APC7 were raised in New Zealand white (NZW) rabbits by immunization with recombinant APC7 protein. Briefly, recombinant mouse APC7 proteins were produced in *Escherichia coli* by using a pET32 expression vector system (Novagen, Madison, WI, USA). The resulting 6× histidine-tagged APC7 proteins were purified by using Ni-NTA affinity chromatography (Qiagen, Hilden, Germany). A NZW rabbit was then immunized with the purified APC7 protein and boosted twice. Blood was collected from the auricular artery, and serum was prepared by clotting and differential centrifugal separation (10,000 g for 10 minutes). APC7-specific antibodies were further purified by binding serum to APC7-coupled nitrocellulose and eluting with 100 mmol/L glycine-HCl buffer (pH, 2.5).

For the tissue micro-array (TMA) construction, the areas of the tumors were first identified on H&E-stained slides. The areas with hemorrhage, necrosis, and histological artifacts were excluded. The selected areas were sampled from the paraffin block by using 5-mm-sized tip punches and were re-embedded in a TMA mold with 20 cores per block (Quick Ray, Unitma, Seoul, Korea) ([Fig. 1](#F1){ref-type="fig"}). Through the use of a microtome, TMA blocks were cut into 4-µm slices for immunohistochemical staining. An H&E stain was performed on each block of the tissue array to confirm the presence of cancer in the tissue cores.

The immunohistochemical technique was used to detect Ki-67 and APC (ChemMate Envision Kit; K5007, DAKO, Glostrup, Denmark). Paraffin-embedded tissue array sections of 4 µm in thickness were de-paraffinized with xylene and dehydrated gradually with graded alcohol. For antigen retrieval, tissue sections were boiled in Tris ethylenediaminetetraacetic acid (EDTA) buffer (pH, 9.0) 3 times at 100℃ for 5 minutes in a microwave oven and then cooled for 20 minutes at room temperature. Soaking the sections in 3% hydrogen peroxidase for 5 minutes blocked endogenous peroxidase activity. After the slides had been washed in Tri Buffered Saline (TBS, S3001, DAKO) for 10 minutes, they were incubated with primary antibodies (1:50 dilution) overnight in a wet incubation box. After the slides had been washed in TBS for 10 minutes again, they were incubated with dextran coupled with peroxidase and secondary antibodies for 30 minutes in the wet incubation box. The slides were washed for 10 minutes again with TBS and then incubated with substrate chromogen solution for 10 minutes. Lastly, the slides were washed with distilled water and were then briefly counterstained with hematoxylin and mounted.

The monoclonal antibody of APC and rabbit anti-human Ki-67 (DAKO) were used at 1:50 dilutions. We performed immunohistochemical staining by using Cap-plus detection kits (Zymed Laboratories, South San Francisco, CA, USA). For antigen retrieval, Tris-EDTA buffer (pH, 8.0) for the retinoblastoma protein (pRb) and sodium citrate buffer (pH, 6.0) for Ki-67 were used. The staining procedure was similar to that with the ChemMate Envision detection kit. The grading of the immunohistochemical results was performed without the knowledge of the clinicopathologic details. In order to evaluate the immunohistochemical staining for APC and Ki-67 antigen, we divided the staining results into four degrees from 0 to 3 points. For APC, every tumor was given a score for the intensity of the nuclei staining (no staining, 0; low staining, 1; medium staining, 2; strong staining, 3). The Ki-67 labeling index was defined as the percentage of positively stained cells in five high-power fields (×400). At least 1,000 cells per field were counted. The immunohistochemical scoring for Ki-67 antigen was determined as follows: 3 points were assigned if the ratio of positively-stained nuclei was 50% or more, 2 points if the ratio was between 25% and 49%, 1 point if it was between 1 and 24%, and 0 point if it was negative ([Fig. 2](#F2){ref-type="fig"}).

In the statistical analysis, P-values less than 0.05 were considered statistically significant. The life table method was used for recurrence, stage, and APC and Ki-67 expressions. A SPSS ver. 11.5 (SPSS Inc., Chicago, IL, USA) Kaplan-Meier survival analysis was used to determine the correlation between the overall survival and grade of APC expression.

RESULTS
=======

To search for differentially expressed APC7 in normal and cancerous tissues, we performed immunohistochemical analyses with purified mouse APC7 antibodies by using tissue array slides containing 50 normal or 50 tumor tissue cores. We compared the APC7 expressions of the cores by assessing the averaged staining intensities (0 to 3+). Staining of ≥2+ was defined as positive expression and that of ≤1+ as negative expression. [Table 1](#T1){ref-type="table"} lists the APC7 expressions of 17 normal and 22 tumor tissues with multiple cores. Positive staining was observed in rapidly growing, normal epithelial tissues \[[@B11]\]. In contrast, slow growing, but more differentiated, tissues, such as skeletal muscle tissue, adipocytes, spinal cord and brain tissues, and basal stromal tissues near epithelial cells, exhibited no or weak immune reactivity to APC7. In addition, slowly growing tumors, such as chondrosarcomas, lipomas, low-grade urothelial carcinomas, and renal cell carcinomas, tended to show weak reactivity to APC7 whereas most tumor tissues with high proliferation rates were positive. Interestingly, some ductal carcinomas of the breast with an undifferentiated, high histologic grade exhibited weak reactivity to APC7.

To establish the relationship between the clinicopathologic parameters and APC7 expression, we analyzed 114 cases of colon cancer. Follow-up duration was more than 5 years. Eighty patients could be followed, and recurrence occurred in 32 patients. The clinicopathologic characteristics of the cases analyzed in this study are shown in [Table 2](#T2){ref-type="table"}. In all rectal cancers, carcinoma cells could be observed under a light microscope. We histologically classified the tumors according to the WHO classification and found 103 cases of adenocarcinomas (2 well-differentiated, 98 moderately differentiated, 3 poorly differentiated), 10 mucinous adenocarcinomas, and 1 signet-ring cell carcinoma. The median age of the patients was 58.3 ± 13.1 years (range, 15--82 years). The tumor was located at the colon and the rectum in 65 (57.02%) and 49 cases (42.98%), respectively. Of the tumors, 0, 20, 88, and 6 were categorized as T stages 1, 2, 3, and 4, respectively ([Table 2](#T2){ref-type="table"}).

The results of the immunohistochemical staining are summarized in [Table 2](#T2){ref-type="table"}. In this study, known prognostic parameters in colon cancer, such as location, AJCC staging, T stage, tumor differentiation, Ki-67 expression, and recurrence, were confirmed to have significant impacts on patient prognosis. APC expression was not associated with T stage or nodal stage or with the type of differentiation between the APC 0, 1 and the APC 2, 3 groups. However, the negative expression of APC is correlated with the expression of Ki-67 (Kappa = 0.11, P = 0.028) and is correlated with lower recurrent rates (P = 0.044) ([Table 3](#T3){ref-type="table"}). A comparison between the strength of APC expression and the prognosis showed that a high APC expression was not associated with a favorable oncologic outcome, although the prognostic factors showing favorable outcomes were inconsistent between studies ([Fig. 3](#F3){ref-type="fig"}).

The relationship between APC expression and oncologic outcomes has not been elucidated sufficiently. A comparison between the strength of APC expression and the 5-year overall survival rate in a Kaplan-Meier survival analyses for the APC 0, 1 and 2, 3 groups, respectively, showed significantly different 5-year overall survival rates (APC 0, 1 groups: 57% vs. APC 2, 3 groups: 74%, P = 0.042) ([Fig. 3](#F3){ref-type="fig"}). Although studies have investigated the survival of patients with a colorectal adenocarcinoma according to APC expression, data are insufficient to draw any conclusions.

DISCUSSION
==========

Postoperative evaluation of the prognosis of patients with colorectal cancer is very important. After surgery, several genetic factors, including p53, CD95, PINCH, Ki-67, thymidylate synthase, and high S-phase fraction, are studied \[[@B10][@B12]\] in patients with colorectal cancer. However, whether or not the regulation of APC is abnormal in patients with colorectal cancer is unknown. Chromosome instability through abnormal mitotic progression has been reported to play a critical role in tumor malignancy \[[@B13][@B14]\]. Therefore, the dysregulation of APC activation, which probably perturbs mitotic progression, may affect malignant transformation or tumor progression. Moreover, the finding that APC is required for the G2 and the mitotic checkpoints suggests that malignant transformation can be caused by chromosome instability through the dysregulation of APC activation \[[@B15]\]. Recently, Wang et al. \[[@B16]\] reported a genetic alteration in APC6 and APC8 in human colon cancer cells and suggested their involvement in colon carcinogenesis.

During mitosis, various APC molecules, such as ubiquitin ligase (E3), which is composed of tetratricopeptide repeat proteins (APC3, 5, 6, 7, and 8), cullin homolog (APC2), and ring-H2 finger domain (APC11), have been identified in yeast. Ubiquitin ligase (E3) is bound to the cdc20 and the cdh1 that regulate the cell cycle, and it promotes the transition from the metaphase to the anaphase \[[@B17]\]. Among them various molecules, APC7 in only the vertebral expressions of nondegradable securin mutants or the overexpressions of wild-type securin blocks sister chromatid separation \[[@B18]\], and, more importantly, the deletion of securin in budding yeast allows sister chromatid separation in the absence of APC participation. These results imply that APC\'s essential role in initiating the anaphase must be the destruction of securin. Polyubiquitin chains are added to securin by an E3 ubiquitin ligase known as anaphase-promoting complex or cyclosome. If separase is inhibited, chromatids cannot be separated; consequently, DNA aneuploidy occurs, which is associated with human cancer and with poor clinical 5-year outcomes in patients with colorectal cancers \[[@B19]\]. Thus, whether dysregulation of APC is related to clinical parameters in various human colorectal cancers has yet to be determined. Therefore, we decided to investigate the expression of APC7 in 114 colorectal cancers and to inquire into the relationship between the expression of APC7 and the clinicopathologic parameters.

According to this study, the degree of APC7 expression was not related to age, sex, or the tumor\'s location. Also, the degree of differentiation was not related to the type of tumor. The possibility of a colorectal carcinoma might be increased if APC is not expressed or if the amount of APC is decreased. In either case, the survival rate of the patients declines. The results of research efforts studying the relationship between the occurrence of a carcinoma of the large intestine and aneuploidy have been published for a long time, and as a result of such studies, DNA aneuploidy is now known to be associated with a poor clinical 5-year outcome in patients with colorectal cancer \[[@B19]\]. A decrease in the amount of APC may gradually lead to a carcinoma of the large intestine and may cause harm after recovery. An assessment of tumor cell proliferation may predict tumor behavior, and the typical correlative protein that can be used in paraffin embedding as an immunohistochemical staining agent is Ki-67. Ki-67 is a monoclonal antibody that plays an important, though not entirely characterized, role in cell proliferation. Ki-67 is a tumor proliferative index, which is expressed in the G1, S and G2-M phases, but not in the G0 phase. This protein is expressed in the nuclei of all proliferating cells, but is absent in resting cells \[[@B10]\]. The correlation between the expression of Ki-67 and prognosis has been found in a number of cancer studies. It is a unicell group antibody as the core part of the cell cycle coming from a Hodgkin lymphoma, and it is expressed during all phases of cell division except the stationary phase \[[@B1]\]. Statistically, the lower the index of Ki-67 is, the more the expression of APC increases, which suggests an inverse relation between Ki-67 and APC. This research focused on the APC protein and later on the investigation of whether reverse transcription-polymerase chain reaction, real-time polymerase chain reaction, enzyme-linked immunosorbent assay, Western blotting, flow-cytometric analyses revealed significant information about the prognosis.

The current study has some limitations. First, it was not a randomized controlled study; thus, the results could have been affected by potential selection bias. Second, the sample size (114 patients) was not estimated because tumor tissues were retrospectively recruited, so a sample-size estimate could not be performed. Finally, the sample size was relatively small. In conclusion, a positive APC expression level was found to be associated with lower recurrence and better overall survival. Thus, further study of APC\'s role in controlling alterations in the cell cycle and its association with the invasiveness and the proliferation of tumor cells is needed.
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![Photomicrograph showing a slide of immunohistochemical staining of 4-µm-thick sections obtained from the tissue array block.](ac-33-139-g001){#F1}

![Photomicrographs showing the immunohistochemical stains: (A) the nucleus of the tumor cell is negative for anaphase-promoting complex (APC) (×400), (B) APC expression was strong in the nucleus (×400), (C) the tumor cell is negative for Ki-67 (×400), and (D) Ki-67 expression was strong in the nucleus (×400).](ac-33-139-g002){#F2}

![Five-year overall survival rate from the Kaplan-Meier survival analysis according to the anaphase-promoting complex (APC) 0, 1 groups (57%) and the APC 2, 3 groups (74%) (P = 0.042). (A) Relation between the strength of APC and the prognosis. (B) Picture showing that negative and the grade 1 could be made into a group and that grades 2 and 3 could grouped together as well, which allows the prognosis comparison to be carried out.](ac-33-139-g003){#F3}

###### Expression of APC7 in various human tissues

![](ac-33-139-i001)

^a^Immunohistochemical data from tissue arrays (Tissue-Array Co., Seoul, Korea) stained with anti--anaphase-promoting complex (APC)7 antibodies. Tissue-array slides mounted with 50 normal or 50 tumor cores contained 17 normal or 22 tumor tissues, respectively, in triplicate or duplicate. Negative APC7 expression is represented by staining intensities of 0 or 1+ whereas positive expression is represented by staining intensities of 2+ or 3+, as designated in [Fig. 2A](#F2){ref-type="fig"}. Average staining intensities of several cores were used to determine tissue expression. Adapted from Park et al., Breast Cancer Res 2005;7:238-47 \[[@B11]\].

###### Patients\' clinical and pathological characteristics of the whole sample and their associations between the 2 treatment subgroups
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Values are presented as number of cases (%).

APC, anaphase-promoting complex; IHC, immunohistochemistry.

###### Correlation analysis of immunohistochemical expression of Ki-67 and APC (considering the totality of 114 patients) (P \< 0.05)
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Values are presented as number of cases (%).

APC, anaphase-promoting complex; IHC, immunohistochemistry.
